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A review of the literature on the effects of lesions of the central nervous
system upon the various types of cutaneous reactions discloses that but little
has been done in this field. The neurological wards of Montefiore Hospital
for Chronic Diseases furnished ample clinical material for such a study. Origi-
nally all types of central nervous system lesions were used in this work. But
later, in order to clarify and simplify the interpretation, it was decided to use
the two principal neurological lesions, namely the unilateral cerebral lesions
i.e. hemiplegic patients, and the transverse cord lesions i.e. paraplegic patients.
Bruce (1) in 1910 observed that when cutaneous nerves were degenerated no flare ap-
peared following intracutaneous injection of histamine. He postulated an axon reflex
by which a stimulus would travel up one branch of a sensory nerve and down another branch
to adjacent parts of the skin without utilizing a nerve cell in the entire reflex. Muller (2)
noted that the flare was absent in a number of injuries to the spinal cord at a point corres-
ponding to the site of the injury. He claimed that the flare was dependent on a spinal re-
flex arc and his views were confirmed by Ebbecke (3) and Krogh (4). It was later shown
that these opinions were in error, because these latter workers failed to take into account
probable injury to nerve roots and ganglions in destructive lesions of the spine.
Lewis (5) has been responsible for coordinating all previous research upon cutaneous
reactions and contributing considerable valuable original work of his own to our knowledge
of the rôle of the nervous system in influencing cutaneous responses to different types of
stimuli. Lewis (6) formulated the idea of the triple response to all types of cutaneous
stimuli. This response consists of (1) local vasodilation, (2) the flare, and eventually (3)
local edema following stroking or other stimuli. The local vasodilation is due to active
dilatation of the minute vessels of the skin including the terminal arterioles, the capil-
aries, and the minute venules. The flare is a diffuse response caused by relaxation of the
strong arterioles. This response floods the field of the local vasodilatation and spreads
beyond it for variable and sometimes considerable distances. The local edema or wheal
following a stimulus pales at first due to pressure by transuding fluid upon the minute
vessels. The margins of the wheal are sharp at first and mark out precisely the borders of
the local band of skin redness that precedes it. Later the margins of the wheal become less
well-defined since fluid under pressure forces its way into the surrounding skin. Thus the
wheal grows a little in breadth, loses sharpness of demarcation and loses elevation; grad-
ually it subsides and disappears.
1 Thesis submitted to the Faculty of the Graduate School of Medicine, University of
Pennsylvania, in partial fulfillment of the requirements for the degree of Master of Medical
Science [M.Sc. (Med.)] for graduate work in Dermatology and Syphilology.
From the Dermatologic Service of Dr. Fred Wise and the Neurologic Service of Dr.
S. P. Goodhart, Montefiore Hospital for Chronic Diseases, New York City, N. Y.
I Read before the sixth Annual Meeting of the Society for Investigative Dermatology
Chicago, Illinois, June 13, 1944.
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Cutaneous reaction to histamine was first reported by Eppinger (7) and further ex-
plored by Soliman and Pilcher (8). Histamine injected intracutaneously produces a reac-
tion in twenty seconds consisting of a central and local reddening with a flare of two to
three or more centimeters and soon thereafter the central area begins to swell and a discrete
wheal three to four or more millimeters in diameter forms; this is generally at its height
in three to five minutes when it becomes pale; after a while its edges lose their initial sharp-
ness and the wheal slowly subsides, disappearing entirely in the space of about one hour.
Here also a triple response occurred. Lewis (9) states that each part of the triple response
is independent of the others. The flare, he states, is produced through nervous mediation;
the local dilatation and edema are not. The flare disappears in the cutaneous distribution
of a degenerated nerve, since it is produced by a local axon reflex. This can be shown by
use of local anesthetics and by cases with neural lesions. The local reflex arc extends
through the sensory fibers. Wheals develop over precisely the area that originally dis-
played the local red reaction (flare),—where the capillaries were dilated actively and fluid
exudes from these vessels to produce the wheal. The flare may disappear in skin to which
the nerves are degenerated, but the wheal still appears.
However, if the cutaneous circulation is at a standstill, wheals never form. The in-
creeased permeability of the vessel walls in the production of the wheal has been dem-
onstrated by Lewis (10) and Ebbecke (11). The latter, by use of trypan dyes, has shown
that transudation of a fluid through the vessel walls ceases in a few minutes.
Lewis (12) states that different forms of stimulation all give (1) a primary and local
dilatation of the minute vessels of the skin; (2) a widespread dilatation of neighboring-
strong arterioles brought about entirely through a local nervous reflex; and (3) locally
increased permeability of the vessel walls. Lewis further states that intracutaneous in-
jections of histamine produce a flare in twenty seconds and the flare reaches its height in
three to four minutes and then fades. He believes that a histamine-like substance—(H-
substance)—is released in the skin by all external stimuli and acts on vessel walls. He adds
that the histamine and stroke reaction are fundamentally alike and the latter is due to liber-
ation of a substance having a histamine-like action. He believes that epidermal cells
release this H-substance. This histamine-like substance produces in the skin local dilata-
tion of the minute blood vessels by direct action upon them; widespread dilatation of neigh-
boring strong arterioles through medium of a local reflex mechanism; and increased per-
meability of vessel walls by direct action. Starr (13) has demonstrated that the histamine
wheal and flare are also dependent upon normal circulation for if the circulation is ob-
structed the wheal and flare diminish or are absent. Lewis and Grant (14) have shown
that the histamine test is a means of defining peripheral circulation.
With these preliminary notes of explanation of the mechanism of the triple
response it is easier to proceed to the report of the present experimental study.
I. CLINICAL MATERIAL
The object of these experiments was to determine what influence, if any,
the central nervous system has upon the type of cutaneous reactions exemplified
by the triple response and also upon related types. A series of cases with either
transverse lesions of the spinal cord or unilateral cerebral lesions was employed,
testing both the affected areas of skin involved by the neurological lesions and
normal cutaneous sites for control purposes.
The patients with transverse cord lesions i.e. paraplegics totalled fifteen
cases, ten of which were males and five females. The average age was thirty-
nine. Seven were cord tumors, four were transverse myelitis cases, and the
remaining four had various other spinal cord diseases. All of these individuals
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had some degree of either flaccid or spastic paraplegia and varying amounts of
sensory and vibratory disturbances in the cutaneous areas below the level of
the cord lesion. These sensory disturbances consisted of hypesthesia to touch,
hypalgesia, hyperpathia, thermohypalgesia, pallhypesthesia and pallanesthesia.
Position sense and vibratory sense were diminished in varying degrees in each
individual. In performing the tests the regions of skin used in the selected
areas were as far as possible coordinated with the impaired neurological find-
ings, i.e., selecting definite areas with hypesthesia, hypalgesia or other similar-
findings for the test site.
The patients with unilateral cerebral lesions i.e. hemiplegics, eight in number,
consisted of six right-sided hemiplegics and two left-sided cases. Their average
age was fifty-two and there were six males and two females. Four of the cases
were caused by cerebral tumors, two by cerebral hemorrhages and two by
cerebral thrombosis. Unilateral complete or partial paresis existed in each
case with varying degrees of muscular atrophy. Sensory findings were either
normal or slightly diminished as were also vibratory sense, stereognosis and
position sense in most of these cases. The absence of serious sensory disturb-
ances in these individuals is reflected in my findings, which demonstrated the
integrity of the peripheral sensory axons in the case of these cerebral lesions.
It should be mentioned that all the cases, both hemiplegics and paraplegics,
were of long standing, varying from three years to twenty years in duration.
In many cases the lesions were non-progressive and in others slowly progressive.
None of the cases employed in this study displayed evidence of gross circulatory
changes of any kind.
II. TYPES OF CUTANEOUS TESTS
Two distinct types of cutaneous tests were utilized in the drug and sensitiza-
tion experiments, intradermal and contact type tests respectively. Intradermal
tests were performed excjusively with histamine, mecholyl, tuberculin, and
trichophytin; contact type tests were employed only in individuals who were
previously sensitized to 1,2,4, dinitrochlorbenzene. Although intradermal
and contact tests have a different approach, certain common findings were
observed.
III. HISTAMINE EXPERIMENTS
A. Technique of Intradermal Tests with Histamine
In the patients with transverse cord lesions, the sites selected for testing were the flexor
surfaces of the forearm for comparative purposes and the inner aspect of the thigh for
actual test purposes. In all instances 0.1 cc. of normal saline solution was injected in an
area adjacent to each histamine injection site on the forearm and thigh for control pur-
poses. Intracutaneous saline solution produced wheals but no flares.
Twenty-five normal patients were used as control. Intradermal injections of one-tenth
of a cc. of 1:3000 histamine phosphate and of one-tenth cc. of normal saline solution (as a
control adjacent to each histamine injection) were given in both forearms and thighs of
these normal control cases. Sterile hypodermic size tuberculin syringes and 22 gauge
needles were used throughout the experiments. Results in the normal control cases showed
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that wheal and flare reactions in all test Bites with histamine appeared in the same time
interval and the size of the reactions was the same in twenty-four (94 per cent) out of the
twenty-five cases. From this t can be concluded that the portions of the body used in
these histamine tests give similar results in normal skin, eliminating chance individual
variation almost completely as a source of error. The same procedure was then carried out
with the patients having transverse cord lesions. In the hemiplegics the flexor surface
of the forearms was used as test site, the normal side of the body acting as a control for
comparison with the abnormal side. Intracutaneous injection of physiologic salt solution
was also used as a control at each test site to rule out local factors of error.
B. Results and Discussion of Histamine Experiments
From Table 1 it can be seen that in the transverse cord lesions the intra-
cutaneous injection of one-tenth cc. of 1:3000 histamine solution into the
forearm and thigh sites previously mentioned disclosed that in a few minutes
the wheal in the forearm skin was larger than the wheal produced in the thigh
in twelve (80 per cent) of the fifteen cases, and that the wheals were equal
in size in three cases (20 per cent). The flare was larger on the forearm in
nine (60 per cent) out of the fifteen cases, and equal in six (40 per cent). The
time required for production of the flare was normal in all areas. In all instances
TABLE 1
Effect8 of hi8tamine in transverse cord lesion8
CASES WITH CASES WITH CONTROLS OWINGCASES WITH EQUAL CASES WITH EQ V(L LARGER FLARE LARGER WHEALS EQUAL REACTION ON
ON FOREARM ON FOREARM THIGHS AND FOREARMS
6 (40%) 3 (20%) 9 (60%) 12 (80%) 94%
a flare was produced on the thigh even though its size was diminished. A
deduction from these findings is that the transverse cord lesions have not caused
complete degeneration of peripheral sensory nerves despite lengthy duration
of the lesions in the cases employed in this study. Partial degeneration of
peripheral nerves does not completely inhibit the axon reflex which causes the
histamine flare effect. Normal skin reacts to a greater degree than skin with
partial degeneration of peripheral nerves, as witness the larger sized wheals
as well as the flares on the flexor surfaces of the forearms.
In the patients with unilateral cerebral lesions or hemiplegics, comparison
of reactions obtained on the flexor surfaces of both forearms revealed that
wheals and flares were both present on the affected and unaffected sides. No
significant differences in size of these phenomena were observed. Here ap-
parently the cerebral lesions exerted no effect upon the triple response to hista-
mine, indicative that the peripheral sensory axons were completely intact or
nearly completely intact. To be taken into consideration here is the fact
that the spinal sensory tracts affected in these cases of hemiplegia have crossed
fibers which compensate for the damaged ones on the side involved by the lesion.
This may account for these findings. (Loeer (15) states that the integrity
of the peripheral nerves can be determined by observing whether the histamine
flare is produced or not. Schujman (16) found clinically that the histamine
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test can be used to differentiate syringomyelia and neural leprosy because in
the latter condition the axon reflex pathway is suppressed, producing absence
of the histamine flare, while in syringo myelia the cutaneous nerves are intact
and the flare is present. Pardo-Costello and Tiant (17) consider the histamine
test in early leprosy a valuable diagnostic aid where sensation is impaired, since,
though the wheal appears, the histamine flare is absent.
IV. MECHOLYL EXPERIMENTS
The next stimulus to be studied in these cases was the effect of 1 per cent
mecholyl (acetyl choline) intracutaneously. Rothman and Coon (18) found
that (1) intradermal acetyl choline produces a fleeting gooseflesh 2 to 5 cms.
around the wheal of injection (Kovacs (19), Hopkins, Kesten, and Hazel (20)):
(2) erects isolated groups of hair follicles at the periphery of the gooseflesh;
and (3) the effect is greatest in thirty seconds and recedes in one minute and is
gone in two minutes. Gooseflesh is produced wherever follicles and erector
muscle are present. This is a nicotine-like action. If local anesthetics are
used in the skin prior to injecting acetyl choline the gooseflesh is abolished;
but if nerve block is used it remains. This is a local axon reflex involving the
ramifications of the post-ganglionic sympathetic axons and the resulting impulse
is transferred to the pilo-motor nerve endings. The axon reflex pathway is
situated in the skin itself. Acetyl choline produces sweat droplets by direct
action on sweat glands and also by an axon reflex. Another possible axon reflex
is the production of vasoconstriction, as evidenced by white spots seen locally
for two minutes after injection of acetyl choline. These axon reflexes in the
postganglionic sympathetic fibers are analogous to the vasodilator cutaneous
axon reflex which takes place in the sensory nerve fibers of the skin. The re-
ceptor end of the vasodilator axon reflex can be stimulated by histamine, that
of the pilomotor axon reflex can be stimulated by drugs with a nicotine-like
action, such as acetyl choline. Coon and Rothman (21) state that just as the
integrity of the peripheral sensory neuron can be examined by means of the
histamine test, the integrity of the peripheral sympathetic neuron can be in-
vestigated by the nicotine test (acetyl choline).
A. Technique of Intradermal Mecholyl Experiments
In the present studies the exact technique used with histamine was again employed,
i.e., one-tenth cc. of 1 per cent mecholyl was injected intracutaneously. It was observed
that in the transverse cord lesions the mecholyl injections produced wheals of equal size in
all cases and at all sites. Normal saline solution, one tenth cc., was used as a control intra-
cutaneous injection in both forearms and thighs and produced only wheals. The twenty-
five normal control cases were used here again the same manner as for histamine. The
results showed twenty-three (92 per cent) of twenty-five cases with equal reactions in both
forearms and thighs, again ruling out chance variation in test site as a factor of error.
B. Results and Discussion of Mecholyl Experiments
From Table 2 one can see the fleeting gooseflesh and erection of isolated
groups of hair follicles (pilomotor response) was found to occur on all the forearm
sites used, but was absent in six (40 per cent) cases at the thigh site, and dimin-
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ished at the thigh site in five (33k per cent) cases, (detected by comparison with
forearm sites in each case). In the remaining four (26 per cent) cases it was
observed to equal the phenomenon observed on the forearm skin in each in-
dividual. The deduction from these findings is that in six cases (40 per cent)
of paraplegics the peripheral sympathetic axon fibers were completely de-
generated in the skin of the thigh and partially degenerated in five (33k per cent)
other cases; while they were intact in the remaining four cases (26 per cent).
Comparing these results with those obtained by use of histamine, it becomes
apparent that degeneration of peripheral sensory axons does parallel degenera-
tion of sympathetic axons in transverse cord lesions, though the sympathetic
axon pilomotor response was absent in six cases while the sensory axon histamine
flare was never absent, but only diminished. (The production of sweat droplets
and vasoconstriction in the skin by acetyl choline was not observed in these
cases.) In the hemiplegics, employing the same technique except that both
flexor surfaces of the forearms were used for testing, it was observed that in
all cases gooseflesh and erection of hair follicles (piomotor response) occurred
on the normal skin as well as the skin of the paralyzed side of the body. Ap-
TABLE 2
Effects of mecholyl in transverse cord lesions
CASES WITH ABSENT CASES WITH DIMINISHED CASES WITH EQUAL CONTROLS GIVING EQUAL
PILOMOTOR RESPONSE PILOMOTOR RESPONSE PILOMOTOR RESPONSE ON RESPONSE ON THIGH
ON THIGH ON THIGH THIGH AND FOREARM AND FOREARMS
6 (40%) 5 (33%) 4 (26%) 92%
parently here again sympathetic postganglionic fibers were intact despite the
cerebral lesions.
V. TUBERCULIN EXPERIMENTS
Having employed intracutaneously these two commonly used testing sub-
stances to evaluate the integrity of peripheral nerves, it was determined to
carry the experiments further by intradermal tests with other substances, such
as allergens. The first allergen to be tried was tuberculin, which is known to
produce reactions which approximately parallel those of histamine.
Brahic and Veyron (22) in a comparison of these two tests in fifty-two cases
of tuberculosis, found that in thirty-six cases they were the same, while in
sixteen cases they differed in that in two the tuberculin was negative and in
fourteen the histamine reaction was greater than the tuberculin reaction. They
concluded that cutaneous vasomotor sensitivity is less for tuberculin than for
histamine. These reactions, they state, are dependent upon the neurovegeta-
tive tonus of the skin, which is variable. The characteristic of this tonus is
dependent upon whether the sympathetic or parasympathetic systems are
dominant which in turn permits or impedes the production of the local cutaneous
reaction. Olmer, Baudelet and Ageze (23) claim that histamine enhances
tuberculin sensitivity, but this has not been proved. The tuberculin test is an
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allergic, and, therefore, presumably antigen-antibody reaction based upon
sensitivity to allergens of the tubercie bacillus.
Search of the literature disclosed no previous work with tuberculin testing
upon organic neurological cases.
A. Technique of Intradermal Tuberculin Experiments
All of the cases tested in the present series were clinically free of active tuberculosis.
Old Tuberculin Koch was used in these tests and at first high dilutions of the tuberculin were
injected intracutaneously, using the cutaneous areas as previously described with histamine
and acetyl choline, and with the same technique, using one-tenth cc. of Old Tuberculin.
Dilutions of 1:100,000 and 1:10,000 in our relatively small series of cases produced only a
few positive reactions distinct enough for evaluation, so it was determined to use one uni-
form concentration of sufficient strength to give definite reactions. By trial and error ex-
periments this dilution was found to be 1:1000 and all recorded readings were made at the
close of forty-eight hours after injection. Normal saline controls were used throughout
this series. Readings of positive tuberculin tests were made on a basis of the extent of the
inflammatory reaction disregarding the inflammatory papule itself. In our series of twenty
five controls no significant differences were observed in the readings of tuberculin tests on
the forearms or thighs in the eighteen positive individuals. In the positive tuberculin
tests all readings were taken on the inflammatory response at 48 hours across the greatest
TABLE 3
Effect8 of tuberculin in transverse cord lesions
CASES WITH NEGATIVE
TuBERCULIN
CASES WITH GREATER CASES WITH EQUAS.REACTION ON PORXAAMREACTION ON POREARN I AND THIGH
9 (60%) 1 (61%)
PER CENT POSITIVE
CONTROLS GIVING EQUAL
REACTIONS ON THIGHS AND
posESus
5 (33j%) 100%
diameter of the erythema in centimeters, disregarding the actual size of the papule and
measuring the widest extent of the inflammatory reactions.
B. Results and Discussion of Tuberculin Experiments
In the transverse cord lesions tested with tuberculin (See Table 3) nine cases
(60 per cent) gave a stronger reaction in normal skin of the forearm than that
on the affected skin of the thigh. Five cases 33* per cent) gave negative
tuberculin tests and one case (6* per cent) gave equal reaction on both forearm
and thigh. These results parallel the results with histamine and mecholyl
revealing again that the intensity of tuberculin reactivity is dependent not only
upon individual sensitivity, but upon an intact peripheral circulation and
upon intact peripheral nerve axons, probably the sensory axons as in the case
of histamine.
Tests of a similar nature were carried out with the hemiplegics, with the
following results; of the eight hemiplegics, three were negative to tuberculin
and in the remaining five the readings were equal on both sides of the body;
these results again parallel the findings with histamine and mecholyl.
VI. TRICROPHYTIN EXPERIMENTS
Another allergic reaction similar to the tuberculin reaction in mechanism is
the cutaneous reaction to intradermal trichophytin.
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A. Technique of Intradermal Trichophytin Experiments
The triehophytin test was applied using the same technique as previously used with
ether test substances except that the optimum dilution was found to be 1:30. This dilution
was found by Sulzberger and co-workers to present the most uniform basis for testing with
standard American trichophytins. Normal saline controls were used here also. The
control series of twenty-five cases disclosed that in all twenty positive individuals the reac-
tions on forearms and thighs were approximately equal. Here again the -readings were
recorded in the same manner as previously mentioned for tuberculin. Here as with tuber-
culin the positive reactions are seen as inflammatory papules.
B. Results and Discussion of Trichophytin Experiments
In the transverse cord lesions, according to Table 4, there were six cases
(40 per cent) negative to trichophytin. Of the remaining nine cases, in all these
(60 per cent), the normal skin of the forearm gave a greater reaction than the
skin of the thigh and in one case (6 per cent) the results were equal. In the
hemiplegics there were three negative cases and the remaining five cases gave
equal tests on both forearms. These results again paralleled those of the pre-
vious tests with histamine, mecholyl and tuberculin. In the test cases there
TABLE 4
.Fiffect8 of trichophytin in transverse cord lesions
CASES WITE NEGATIVE
TRICHOPSYTIN
CASES WITS GREATER CASES WITS EQUALREACTION IN FOREARM
AND THIGNI REACTION IN FOREARM
9 (60%) 1 (6%)
I SEE CENT POSITIVE
CONTROLS GIVING EQUAL
I REACTIONS ON POREARM
AND THIGH
100%6 (40%)
were no individuals with acute or severe chronic dermatophytosis. Mild
dermatophytosis of the feet existed in six of the patients with transverse cord
lesions and four of the hemiplegics. In the cases positive to tuberculin and
trichophytin a striking similarity of the intensity of these tests in each positive
case was observed. The intensity of reactions to the bacterial and mycotic
allergens compared case for case with the intensity of reactions obtained with
histamine and mecholyl offer striking parallels indeed, suggesting that the
integrity of the peripheral axons appears to be a common denominator for
various types of cutaneous reactions.
VII. CONTACT ALLERGY EXPERIMENTS
The next step consisted in using simple chemical contact allergens instead of
allergens from microorganisms. The next series of experiments embraced the
attempt to sensitize all the cases to a ten per cent solution of 1,2,4, dinitrochlor-
benzene in acetone. This simple chemical substance and related ones have
been studied for some time in their ability to produce specific sensitization in
animals (Landsteiner and Jacobs (24)), and in human beings by Sulzberger
and Baer (25).
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A. Technique of Contact Experiments with Dinitrochlorbenzene
Following the technique of these last two authors, a ten per cent solution of 1,2,4,dini-
trochlorbenzene in acetone was dropped on the skin of each individual in this series in the
amount of one drop which was allowed to evaporate on the skin. Within ten days there
were spontaneous flare ups at the site of application in fifteen of the twenty-three cases to
which the chemical had been applied. This can be considered a sign that these individuals
were densitized. The site of the original sensitizing application was invariably on normal
skin, unaffected by the neurological lesions. Sensitization was found to be generalized over
the entire skin surface ten days later, as evidenced by applying a drop of the same chemical
on distant parts of the skin and obtaining a contact type of eczematous reaction (similar
to dermatitis venenata). It is to be stressed that these experiments are patch tests or
"dropping on" so to speak. The reactions lasted for several days and disappeared in all
cases except one individual, in whom it persisted for a period of six weeks, growing larger
and more acute with edema, erythema and vesicles. The skin over the extensor surface of
the fourth right metacarpal phalangeal prominence was chosen arbitrarily as the test site
for the upper extremity, and the inner aspect of the thigh for the lower extremity.
In the twenty-five control cases twenty-one (84 per cent) were sensitized to the dini-
trochlorbenzene and in these no apparent differences existed in their reactions to test ap-
plications on various parts of the body.
TABLE 5
Effects of dinitrochlorbenzene in transverse cord lesions
CASES WITH NEGATIVE CASES WIT: GREATER REACTIONS ON KNUCI(LES RLS
3 (20%) 10 (661%) 2 (131%) 100%
B. Results and Discussion of Contact Experiments
Twenty-four to forty-eight hours after testing the fifteen cases with transverse
cord lesions which had previously been exposed to the potentially sensitizing
chemical, there were obtained three negative tests (20 per cent); and twelve
positive tests (80 per cent) (see Table 5). Of the twelve positive tests, ten
(661 per cent) revealed a stronger reaction on the normal skin of the 4th right
metacarpal phalangeal prominence than on the thigh, (as stated, in all cases the
positive tests disappeared in three days to a week, except the case mentioned
above in whom it persisted for six weeks). Two cases (13k per cent) gave
equal results on both metacarpal phalangeal prominence and thigh. Figure 1,
shows the appearance of test site which in this case was the 4th metacarpal
phalangeal prominence of the left hand, four weeks after onset of the reaction.
This was an example of high individual hypersensitivity to the chemical.
In the hemiplegics (See Table 6) one case remained negative to sensitization,
while in seven cases the skin of the normal knuckle gave a greater reaction to
the test dose than did the skin of the affected knuckle. This is at variance
with all previous experiments with the hemiplegics in this study. None of the
previous tests brought to light differences between the affected and non-affected
sides.
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The results here disclose that the intensity of the cutaneous reaction to
contact allergens to which the individual is sensitized is not only related to the
Fia. 1. INDIVIDUAL HYPERNnN5ITIvITY TO 1, 2, 4 DINITROcIILORBENZINE
TABLE 6
Effect of dinitrochlorbenzene in hemiplegics
CARES WITH NEGATIVE SENSITIZATION NUMBER WITH OREATER REACTIONON NORMAL KNUCKLE
PER CENT POSITIVE CONTROLS GIVING
I EQUAL REACTIONS OPON BOTH KNUCKIZS
100%1 (124%) 7 (874%)
peripheral sensory and sympathetic axons, but is also affected (reduced in in-
tensity) by degenerative changes in the motor tracts.
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The fact that in hemiplegics the skin affected by the neurologic lesions reacted
differently to contact allergens may be due to some as yet unknown effect of
the motor tracts upon these particular reactions. The reduction in intensity of
reaction may be based on a trophic change in the skin where motor tracts are
damaged or destroyed.
VIII. EXPERIMENTS WITH PHYSICAL AGENTS
A. Ultraviolet Light
The next group of experiments embraced reactions to physical forces, and
consisted of a study of ultraviolet light and the reaction it produces in the normal
skin and in the cutaneous areas affected by organic neurological disease.
Lewis (26) states that the vascular effects produced by sunlight or by the
emanations of the mercury vapor lamps are similar and depend especially on
ultraviolet rays having a wave length of approximately three hundred The
susceptibility of the skin of different individuals to ultraviolet light varies
according to several factors, one of which is the amount of pigment in the skin.
The usual reaction to three to six minute exposure of the skin of the forearm at
eighteen inches from a mercury vapor lamp is reddening of the skin, which
begins to appear in thirty to sixty minutes and deepens in the next hour. The
area of redness in this time corresponds precisely to the area of skin exposed.
There is increased flow of blood to the reddened skin and under the microscope
one can see the minute vessels of the affected area dilating; the dilatations
include capillaries, venules and terminal arterioles, when the last are visible.
According to Lewis, Grant and Harris (27), the vascular reaction is independent
of a local nervous mechanism, as it occurred also in skin to which the nerves had
degenerated. For another hour the redness brightens. 0; the next day the
skin is swollen and tender. The swelling and tenderness subside in a day or
two. In addition, in four to eight hours or longer after exposure, the area of
redness extends Slightly and in twenty-four hours it is two to three millimeters
beyond the exposed area (Lewis and Zotterman (28)). The zone of extended
redness disappears in one to two days. In four to six days local redness decreases
and the skin becomes brown; and at seven to twelve days the brown color is
at its height and scaling occurs. Under the scale the skin is pink and becomes
pigmented brown, which fades away in several months. Lewis (29) states that
the H-substance or histamine-like body is responsible for the reaction here, as
well as to all forms of injury. According to Lewis, the triple response minus its
arteriolar flare is present. His explanation is as follows; arteriolar dilatation
of reflex origin long maintained a balancing action and occurs in the minute
vessels of the corresponding territory. These vessels contract and in so doing
decrease the flare. In reactions of long latency such as those to ultraviolet
light, the balancing action of the minute vessels occurs almost hand in hand
with the development of the arteriolar flare, which as a consequence is indistinct
or fails to appear. The reaction is the triple response as shown by the spread
of the reaction beyond the exposed area, which is evidence of the presence of a
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vasodilator substance which is formed locally and is dispersed gradually through
the tissue spaces and lymph ducts. The vasodilator substance is the H-sub-
stance of Lewis. The ultraviolet reaction is slow but is similar to the stroking
reaction and to the reaction to histamine according to Lewis (30). The H-sub-
stance responsible for all these reactions is a normal metabolite as it can be seen
to produce vasodilatation in reactive hyperemia (Lewis (31)). The existence
of vasodilator fibers in the sympathetic chain was shown by Dale (32). Lewis
believes that the H-substance and histamine are identical and produce vasodila-
tation. The H-substance is released in the skin by injury or by antidromic
impulses which have a path along sensory nerves in the skin, similar to the
path of the axon reflex. That the antidromic pathway in the skin is in the
sensory fibers and not the sympathetic fibers was shown by Kohier and Weth
(33) by destroying sympathetic ganglia in man and finding that the antidromic
response or axon reflex producing H-substance still existed. The flare of hista-
mine spreads in areas of low capillary tonus and stops where the tonus is high.
The flare is due to opening up of strong arterioles; upon these, sensory nerve
endings are known to exist, (Woollard (34)). Hooker (35) showed vasocon-
strictor fibers innervated capillaries of animals; and Krogh, Harrop and Rehberg
(36) demonstrated that vasodilator fibers were present in the capillaries and
that active dilatation of the capillaries may result from nerve stimulation.
The impulses are conveyed antidromically through the sensory nerves, which
release H-substance in the skin and this acts upon the vasodilator nerves, which
release H-substance in the skin and this acts upon the vasodilator nerves in
the capillaries and produces vasodilatation. Excess of H-substance acts on
the sensory nerve endings and causes dilatation of arterioles in the vicinity.
However, Rothe (37) has shown experimentally upon dogs ears that section of the
sensory nerves dict not prevent erythema production with ultraviolet irradiation
despite nerve degeneration, and this agrees with the work of Lewis, Grant and
Harris, previously quoted. As will be seen, my investigations reveal not only
the production of erythema on human skin with deficient innervation, but
an actual increase in the intensity of reaction to ultraviolet light in such skin.
In the light of this knowledge the next series of experiments was undertaken
to see what differences there were to cutaneous reaction to ultraviolet light on
normally innervated skin and abnormally innervated skin.
B. Technique of Ultraviolet Experiments
At first a mercury quartz lamp was used, but this was found to present difficulties in its
npplication to the paralytics used in these experiments. Therefore, a water-cooled Kro-
mayer lamp was substituted, applying it directly to the cutaneous surface for the time
desired. In the twenty-five control cases equal intensities of erythema and edema were
elicited on both forearms and thighs, in 95 per cent of cases, the time required varying with
each individual. The time required for producing erythema in each case on normal skin
was determined experimentally by trial and error, and that time was used in the tests on
both normal and abnormal skin and the results compared. Reactions were graded one plus
or 25 per cent, two plus or 50 per cent, three plus or 75 per cent and four plus or 100 per cent,
depending on the intensity of the erythema and the accompanying edema. Readings were
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made six hours and twenty-four hours after the ultraviolet light was applied. Numerous
preliminary tests to determine the time required for erythema production in each case were
carried out on the skin of the unaffected forearms prior to attempting actual tests.
C. Results and Discussion of Ultraviolet Experiments
In the cases with transverse cord lesions the degree of erythema and edema
was twenty-five to fifty per cent greater on the skin of the thigh than it was
on the skin of the forearm with equal exposure time in nine (60 per cent) of
the fifteen cases (see Table 7). In the hemiplegics (see Table 7), five (62k per
cent) out of eight cases had twenty-five to fifty per cent greater reaction on the
affected side of the body than the unaffected side. It can thus be seen that
reaction to ultraviolet light in areas of the 8km affected by partial or complete de-
generation of periheral nerves is increased in roughly two-thirds of both types of
cases used in this study. This result is the opposite of that seen in the pre-
viously described reactions to contact allergens. The reason for this increase
of reaction to ultraviolet light may be that the so called trophic changes in
the skin itself cause more liberation of H-substance in response to ultraviolet
stimulation than is seen in normal skin; or it may be that trophic changes render
the skin more susceptible to the effects of ultraviolet irradiation. Capillary
TABLE 7
Effects of ultra violet light
NUMBER 01 TRANSVERSE CORD LESIONS NUMBER OF HEMIPLEGICS WITH CONTROLS WITH EQUAL REACTIONS
WITH GREATER REACTION ON THIGH GREATER REACTION ON APEECTED SIDE AT ALL SITES
9 (60%) 5 (62%) 95%
tonus may also play a rOle, in that it is decreased in these areas of partial or
complete peripheral axon degeneration, causing H-substance to be diffused
more readily. Apparently, however, either excess H-substance is produced
or the capillaries involved react more strongly because of trophic disturbances
occasioned by motor axon degeneration changing their tonus. Future investiga-
tion on the cause of these findings is necessary to clearly interpret the underlying
processes, as possibly, a mechanism different from all the other tests is
at work here.
IX. EFFECT OF DRUGS UPON CUTANEOUS ULTRAVIOLET EXPERIMENTS
To study this interesting phenomenon further, attempts were made to alter
the ultraviolet reaction in these cases by preliminary administration of drugs
acting upon either the parasympathetic (vasodilator) nervous system or the
sympathetic (vasoconstrictor) nervous system. The effect of drugs upon
cutaneous tests was studied by Lamson (38) who reported that epinephrine
in usual dose had little effect upon histamine or pollen cutaneous reaction,
but in larger doses the erythema was decreased and the genesis of the wheal
disturbed. Bray (39) stated that drugs of the epinephrine-ephedrine group,
or acid, lessen the reactivity of the skin to testing, while alkalies had an enhancing
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effect upon cutaneous reactivity. Tuft and Brodsky (40) found that drugs
such as adrenaline or atropine had their effects completed in one hour, at which
time cutaneous reactions in all instances return to their original size. The
affect, they added, is greatest upon the erythema, reducing it in size and in-
tensity. Adrenalin gave the most striking results, and in a small amount
produced as pronounced an effect as a large amonnt. Only adrenalin and
ephedrine and related compounds had any significant effects. Atropine gave
a questionable effect according to these authors. Coca, Walzer and Thommen
(4) in 1931 stated that little evidence exists for the statements that adrenalin
or ephedrine influence cutaneous tests.
A. Technique of Drug Experiments
The next experiments consisted in giving one-fiftieth of a grain of atropine
sulphate, a parasympathetic inhibitor, hypodermically to each individual
thirty minutes prior to his receiving the ultraviolet light. Many of these
patients developed dryness of the mouth and flushed cheeks. The results were
inconclusive in all instances, since no significant change was observed in the reaction
to ultraviolet light in any of the tested areas of both forearms in hemiplegics or the
forearm and thigh in transverse cord lesions. The next drug used was histamine
phosphate, a general vasodilator, 0.5 milligrams in solution, given hypodermically
thirty minutes before the ultraviolet exposure. Flushing of the face and body
occurred in practically all individuals but no signiflcant influence was exerted
upon the ultraviolet reaction on both forerxns of the herniplegics or the forearms
or thighs of the cases with transverse cord lesions. The next drug administered
was prostigmin, a parasympathetic stumulant, given in two milligram doses
hypodermically thirty minutes before ultraviolet irradiation. Again no signifi-
cant effect was noted upon the ultraviolet reaction in any of the cases. All
the drugs used here make their effect felt in thirty minutes after injection,
except histamine, which manifests its effects almost at once after injection, The
dosage used was the maximum the patients could tolerate. From these results
I conclude that the influence of the drugs used upon ultraviolet reactions in the
skin in areas with normal innervation or with partial or absent innervation is
of no significance. These conclusions are in accord with the work of Tuft and
Brodsky previousI quoted, who pointed out that only epinephrine and its related
drugs influence cutaneous reaction and their effect is not definite or as yet con-
firmed.
This concludes the experimental portions of this study. Repetitions of all
the tests at later intervals on a few selected cases and controls demonstrated
that on the whole the sympathetic-parasympathetic balance at the time of the
experiments had little influence on the results, as later tests revealed only
minor changes compared with the earlier experiments.
SUMMARY
The flare produced by the intradermal histamine test is accepted as a good
criterion of the integrity of peripheral sensory axons since the histamine flare is
dependent upon the integrity of these fibers plus adequate peripheral circulation.
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Similarly, the pilomoter reaction to intradermal acetyl choline is accepted as a
criterion of the integrity of the peripheral sympathetic axons. In both the
histamine and acetyl choline reactions the intensity is dependent upon the
degree of integrity of the respective peripheral axons concerned. In paraplegic
individuals, cutaneous areas with neurological involvement reacted less intensely
than normal skin.
In the case of the intradermal tuberculin and trichophytin tests the 24—48
hour inflammatory responses are dependent upon allergic mechanisms, but the
degree of local reaction is dependent on certain local factors; thus, the intensity
of the reactions is proportionate to the degree of integrity of peripheral sensory
axons and the adequacy of peripheral circulation. Here also the paraplegic
cases gave less intense reaction on abnormally innervated skin. In all the tests
so far summarized the results are based upon my experiments with the trans-
verse cord lesions, since results with the hemiplegics showed no significant dif-
ferences in the reactions of the unaffected and affected sides. In the transverse
cord lesions a striking similarity in intensity and degree of response was seen
in the reactions to intradermal histamine, mecholyl, tuberculin arid trichophytin.
In all these tests the affected skin gave less reaction than normal skin in two-
thirds of the cases.
Sensitization of my cases to 1 ,2,4,dinitrochlorbenzene and subsequent pro-
duction of contact-type dermatitis at test sites disclosed that the intensity of
cutaneous contact dermatitis in these cases is dependent also upon the integrity
of the peripheral sensory axons and possibly also upon the sympathetic axons.
The reactions were stronger in normal skzn than skin with abnormal innervation.
Here the results were evident not only in the transverse cord lesions but also
in the hemiplegics. Just why the hemiplegics presented these findings here and
failed in all previous experiments is unknown.
With ultraviolet light a tendency to greater intensity to reaction in skin to
which partial degeneration of peripheral nerves had occurred was observed in
more than 60 per cent of the transverse cord lesions and the hemiplegics. This
finding is in sharp contrast to the findings in all other reactions studied—and
may indicate a difference in the mechanisms of the reactions to ultraviolet light
as contrasted to the mechanism of histamine and acetyl choline reactions, as
well as reactions, to "protein" and to simple chemical allergens.
The influence of drugs such as atropine, which paralyse the parasympathetic
nervous system, or of drugs such as prostigmine, which stimulate the parasym-
pathetic nervous system, did not affect the cutaneous reaction to ultraviolet
light in the doses used in my cases. Histamine, a vasodilator given systemically,
also had no effect upon ultraviolet reactions in my cases.
The sympathetic-parasympathetic balance present at time of original experi-
mentation apparently did not influence the experiments since tests repeated
at a later interval showed only minor changes from the original work.
CONCLUSIONS
1. The flare reaction to the intradermal histamine test represents a method
of testing the degree of peripheral 'sensory axon integrity as well as of peripheral
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circulation in paraplegic individuals. The reaction is diminished in a high
percentage of cases in which nerve degeneration has occurred,
2. The pilomotor intradermal acetyl choline test represents a method of
testing the degree of peripheral sympathetic axon integrity in paraplegic in-
dividuals. The reaction is diminished in a high percentage of cases in which
nerve degeneration has occurred.
3. Although the reaction is maximal at 48—72 hours instead of at 15—20 min-
utes, and although the lesion produced is an inflammatory papule and not a
wheal and flare, nevertheless the intensity of the reaction to intradermal tests
with tuberculin and trichophytin is apparently dependent upon the same factors
as are the reactions to intradermal tests with histamine and acetyl choline.
For here too, the reaction depends on the degree of integrity of the peripheral
nerve axons and the adequacy of the peripheral circulation in paraplegic cases.
4. The intensity of eczematous contact type dermatitis experimentally
produced by 1,2,4, dinitrochlorbenzene in paraplegic individuals previously
deliberately sensitized by this chemical allergen may also depend upon the
degree of peripheral axon integrity as well as on adequate peripheral circulation,
just as did the previously mentioned stimuli.
5. Hemiplegic lesions do not alter the responses to histamine, acetyl choline,
tuberculin, and trichophytin in the skin of the affected side; but on the affected
side do alter and diminish the response to patch tests with a simple chemical,
such as 1,2,4, dinitrochlorbenzene; thus patch test reactions differ in this
respect from all the other reactions studied.
6. In sharp contrast to all the other reactions studied, reactions to ultraviolet
light tend to be stronger of the affected skin sites in both hemiplegics and para-
plegics (in two-thirds of the cases).
7. Large doses of drugs which inhibit or stimulate the parasympathetic
nervous system and large doses of histamine systemically failed to alter cutane-
ous reactions to ultraviolet light.
8. The reasons for the differences between the patch test reactions and the
intradermal reactions, and particularly for the diametrically opposite behavior
of ultraviolet cutaneous reactions as contrasted with cutaneous reactions to
intradermal histamine, acetyl choline and allergens are unknown. These
differences may indicate that different mechanisms are concerned.
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DISCUSSION
(1) DR. ADOLPH BO5TENBERG, Sn.: This is a very interesting presentation. I should
like to point out, though, that it is hazardous to talk of percentages when dealing with small
groups, and one should apply some simple statistical tests for significance. The term sig-
nificance should be used carefully, as the chances of such distribution having occurred are
less than 5 times in 100 by accident alone. Another explanation I think should be con-
sidered in the case of hemiplegics, where the author found differences in intensity of reaction
on the side of the hemiplegia to patch-testing with the dinitrochlorobenzene. In these
cases the situation was entirely different from that in the other instances. In the other
instances the subject presumably acquired the sensitivity prior to the experiment. In
the eases of dinitrochlorobenzene sensitization the subject was sensitized after he acquired
his neurologic lesion, and it may be the difference in intensity was because of an inability of
the sensitization to spread to the affected area rather than an inability of the affected area
to react.
(2) DR. STEPHEN ROTHMAN: I think that for testing the function of autonomic nerve
endings in the skin acetylcholine (in concentrations 1:50,000 to 1:20,000) should be used, and
not mecholyl. The reaction is based on the nicotinic action of acetylcholine (see Coon and
Rothman: J. Pharm. & Exp. Therap., 42: 231, 1939). Mecholyl has very little nicotinic
action.
There is much confusion in the literature concerning pharmacodynamic testing of the
skin. When we use high concentrations of acetyicholine or mecholyl in a sweating test, we
do not obtain any information on the excitability of sweat nerve fibers; what we are testing
is the excitability of the sweat gland cells. Similarly with epinephrine we test the effector
organs, i.e. the contractile elements of the blood vessel wall and not the vasoconstrictor
nerve fibers.
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(3) DR. FRED D. WEIDMAN: I, too, thought that there was not a wide difference between
normals and abnormals: 60 per cent in some cases as against 40 per cent is not of great sig-
nificance, but inasmuch as these results were obtained rather consistently I think that that
would partly answer that criticism.
(4) Da. THEODORE CORNBLEET: I felt, as did several who preceded me, that the element
of blood vessels was not certainly, or evenly controlled, nor functions of their physiological
change, such as skin temperature. We could very carefully determine the skin temperature
on either side by electrical methods, and that would help. As is well known, skin status is
fundamentally altered by severing its ennervation. We have been doing work paralleling
that of Captain Bereston. We have worked with animals, and studied and compared the
metabolism of the skin in several categories, in areas lying above and below the central
nervous system lesions. In almost all eases there are differences in cutaneous metabolism
above and below such lesions. Until more is known about the relationship of the nervous
system we should be wary of conclusions based on single attack experiments or observations.
(5) DR. EUGENE S. BERESTON: I should mention first of all that this work was done be-
fore I entered the army, in 1940, at Montefiore Hospital. At that time it would have been
interesting to follow through with some of the things mentioned here, but I have been on
active duty ever since.
As far as working with small groups of cases is concerned, it must be remembered that to
utilize large groups of neurologic eases for study requires a great deal of time, and it is
difficult to get together a larger group of the kinds of patients employed here and to hold
them for the period necessary for prolonged testing.
Dr. Rostenberg brought up an interesting possibility in his suggestion about dini-
trochlorbenzene, since when one is sensitizing an individual with this substance, the nervous
lesions may cause some interference with the ability to sensitize in these cases.
